The effectiveness of nutrition education and unsupervised daily iron supplementation on iron status was studied in adolescent schoolgirls of low socio-economic status. Baseline knowledge, attitudes, and practices related to nutrition and iron status were assessed in 915 girls attending schools in an urban and a rural area of Sri Lanka. Girls in intervention schools received nutrition education and ferrous sulphate or a placebo and were requested to take one tablet per day. Subjects in control schools did not receive any intervention. All subjects were reassessed after 10 weeks. Educational intervention resulted in significant increases in knowledge of nutrition and in iron status among girls in both areas. Good compliance was noted with both iron supplements and the placebo. Iron status was more improved in the groups receiving iron supplementation than in the groups receiving education only, indicating the effectiveness of unsupervised supplementation when combined with nutrition education. The short-term sustainability of intervention was higher in the rural area than in the urban area.
Introduction
Iron deficiency is a major health problem in many developing countries [1, 2] . However, interventions to prevent iron deficiency are targeted mainly to women during pregnancy. Our previous studies have shown that although iron supplementation during pregnancy has some benefit, it cannot correct pre-existing deficits [3, 4] . Adolescent girls belonging to groups of low socio-economic status (SES) may be at risk of nutritional deficiencies because of increased nutritional requirements for growth and development and blood loss during menstruation. Therefore, it is necessary to develop strategies to improve the nutritional status of adolescent girls to ensure that they enter pregnancy with a satisfactory status and are better able to cope with the increased nutritional demands imposed by pregnancy. The need for interventions during adolescence has also been highlighted in a study of the prevalence of anaemia in women of reproductive age in Mumbai, India [5] . Improvement of iron status is also likely to lead to improved educational and physical performance among adolescents.
In Sri Lanka most girls attend school until at least 16 years of age, and intervention programmes could be implemented easily through the schools [6] . A significant improvement in iron and vitamin A status has been reported following supervised micronutrient supplementation of adolescent Indonesian schoolgirls [7] . However, the ideal strategy would be to achieve desirable changes in food habits through education, since this would improve the nutritional status of the girls themselves as well as that of their families and ensure that they enter pregnancy with a satisfactory nutritional status. Also, compliance with iron supplements is likely to be greater if they are given following education [8, 9] .
We attempted to evaluate the effectiveness of a nutrition education package in improving the iron status of adolescent girls belonging to groups of low SES attending schools in both an urban and a rural area of Sri Lanka. The compliance with and effectiveness of unsupervised, self-administered, daily iron supplementation when preceded by nutrition education was also studied. The short-term sustainability of the intervention programme was evaluated in both areas to enable it to be implemented in other areas.
Subjects and methods

Subjects
The study population was drawn from schools in which more than 70% of the girls were from low-SES groups. Eleven schools in the urban area and four schools in the rural area were selected randomly (in rural areas there are only a few schools that have higher grades, and all children in the area attend these schools). The total sample consisted of 915 girls: 576 girls attending schools in Colombo, the capital of Sri Lanka (urban area), and 339 girls attending schools in a rural area. The ages of the girls ranged from 13 to 19 years and their grades from 9 to 12. Only girls who had attained menarche and had no history of any major illness were included in the study. All girls who had consented to participate in the study and were present in school on the first day of the study were selected in both areas. Three schools in the urban area and two schools in the rural area served as control schools. These schools were not in close proximity to each other, thus preventing communication between girls in the two groups.
The subjects were grouped into different socioeconomic classes according to the classification of Barker and Hall [10] . The subjects in the rural and urban areas were of similar SES, but the living conditions in the rural area were better than in the urban area (table 1) .
Study design
The study design is shown in figure 1. Each school was visited on two successive days to collect baseline data from the girls. Information regarding their SES, practices relating to personal hygiene, and age at menarche was obtained by a pre-tested, intervieweradministered questionnaire. Their food intake was assessed by a pre-tested, interviewer-administered, food-frequency questionnaire. The general nutritional status of all subjects was assessed at baseline according to anthropometric measurement, and a 10-ml sample of venous blood was collected between 8:00 and 10:00 a.m. to determine haemoglobin concentration and iron status.
Each girl completed a multiple-choice and a graded answer paper to assess knowledge, attitudes, and practices (KAP) relating to nutrition. After assessment of baseline knowledge, the girls in the intervention schools received nutrition education and were given a single tablet of mebendazole (500 mg) to correct for a possible confounding effect of helminthic infection. They were then assigned to two groups matched for initial haemoglobin. The girls in the group receiving education plus iron supplementation (237 from the urban area and 97 from the rural area) were given ferrous sulphate tablets containing 60 mg elemental iron per tablet. Each girl was given 70 tablets of ferrous sulphate and requested to take one tablet with water every night for 10 weeks before going to sleep. The girls in the other group (239 in the urban area and 111 in the rural area) also received education and were given a placebo and requested to take it in the same manner as the iron supplement. The girls were not told whether the tablets contained iron or a placebo. Each girl was given a calendar on which to mark her intake of tablets daily. The girls in the intervention schools received two additional nutrition education sessions two and five weeks after the baseline assess- ment. Girls in the control groups did not receive any intervention.
All subjects, including controls, were reassessed at the end of the 10-week period of intervention by the same methods that were used for baseline assessment. Knowledge of nutrition, food habits, any change in SES, or a history of major illness during the intervention period were recorded by the interviewers. A 10-ml blood sample was collected from each subject, and the same laboratory tests were performed.
In the urban area, 484 girls (84%) were reassessed after the 10-week period of intervention. Ninety-two girls were lost to follow-up, mainly because of absence from school on days of data collection. Seventy-eight girls from three randomly selected intervention schools were reassessed after a three-month period without contact or intervention to evaluate the short-term sustainability of interventions. In the rural area, 264 girls (78%) were reassessed after intervention, with 75 girls being lost to follow-up, and 163 girls from both intervention schools were reassessed three months after the end of the intervention.
Methods of educational intervention
In the development of educational messages, the girls' current dietary patterns and food habits were considered. The educational package was developed to convey the following key messages: increased nutritional demand during adolescence, identification of adolescent girls as a vulnerable group, importance of maintaining a satisfactory iron status, consequences of iron deficiency, dietary diversification, and identification of cheap iron-rich foods in their diet and combinations of foods that would enhance iron bioavailability. In addition, girls were educated about the beneficial effects of iron supplements, the importance of compliance, and how to deal with side effects, if any. The educational messages were formulated to have a special appeal to adolescent girls. Specially designed cards and flip charts were used as visual aids. These were hand-made and therefore did not require any special equipment for preparation. To carry out the educational programme, only a classroom and a trained facilitator (educator) was required. The first education session at the commencement of the intervention period was a 45-minute lecture and discussion. Two additional education sessions in the form of interactive group discussions were conducted during the intervention period to reinforce these messages. Because land was available for cultivation of home gardens in the rural area, the educational messages there were suitably modified.
The educators were young adults and not teachers, and discussion was carried out as a separate activity to differentiate it from routine examination-oriented teaching. No attempt was made to link it with routine teaching. However, note was made of nutrition-related information included in the school curriculum to prevent conflicting messages from being given.
Measurements
The anthropometric measurements included weight and height, and the body mass index (BMI) was calculated from these measurements. The haemoglobin concentration was measured by the cyanmethaemoglobin method using standards obtained from Sigma Chemicals [11] . Serum iron and total iron-binding capacity were determined by a colourimetric method (Sigma diagnostic reagent kits, USA, catalogue no. 565). Serum ferritin concentration was measured by a sandwich ELISA (enzyme-linked immunosorbent assay) method [12] . All measurements were carried out in duplicate.
Statistical analysis
Data were entered on a DBase 3+ programme, and statistical analysis was carried out by the Epi-Info version 6.02 programme and SPSS for windows, version 7.0 [13] . Baseline characteristics of the three groups were compared by the chi-square test for categorical variables and analysis of variance (ANOVA) for continuous variables. The significance of effects of intervention was assessed within each group by the paired t test, and the changes among groups were compared by ANOVA or the Kruskal-Wallis test (if the variables were not normally distributed or the variances were not homogeneous). Because serum ferritin concentration showed a skewed distribution, log-transformed values were used in all analyses.
Ethical aspects
This study was approved by the Ethical Review Committee of the Faculty of Medicine, University of Colombo, Sri Lanka. Written permission was obtained from the Ministry of Education and from the principals of the respective schools after the importance of the project and its benefit had been explained. Each participant and her parent or guardian gave written informed consent before being recruited for the study.
Results
Baseline KAP regarding nutrition
The questionnaire on KAP regarding nutrition revealed that only 45% of subjects in the urban area and 65% of subjects in the rural area were aware that iron deficiency was a major nutritional problem. More than 70% of urban subjects and more than 90% of rural subjects wanted to know whether they had anaemia and wanted to correct the problem if it was present. Sixty-eight percent of urban subjects and 94% of rural subjects indicated willingness to make a behavioural change following education.
Effect of educational intervention on KAP
There were no significant differences in age, age at menarche, or anthropometric measurements among the group receiving education plus iron, the group receiving education plus placebo, and the control group (table 2) . Similarly, there were no significant differences in baseline KAP regarding nutrition among the three groups in each area. However, the baseline knowledge of nutrition was significantly higher in the rural area than in the urban area (p < .02).
There was a significant increase in knowledge of nutrition among the intervention groups (those receiv- ing education plus iron supplementation or education plus placebo) in both the urban and the rural areas (p < .001) and no change in the control groups (table 3 ). In the rural area, the scores on knowledge remained elevated over baseline values (p < .001) three months after the end of the intervention. The schools in the urban area were smaller and had fewer children in each class. The questionnaire was administered on the day after blood collection, and the number of girls present in school on that day in the urban area was too small to permit statistical comparison. Increase in knowledge of nutrition was also associated with desirable changes in intake of some foods that were promoted (tables 4 and 5). A significant (p < .01) increase in intake of leafy vegetables and guava, a tropical fruit, was noted in the urban area after educational intervention, and these changes were sustained even three months after the intervention stopped. An increase (p < .01) in intake of guava was also noted after intervention in the rural area, and this increase was maintained (p < .05) three months after the end of the intervention. An increase in intake of dried fish was noted in both areas, but this increase was not sustained. A significant increase (p < .001) in intake of fruits with meals was noted in both areas.
Compliance with iron supplement intake
Each girl received 70 tablets of ferrous sulphate or a placebo. The number of tablets remaining in the container and the number of squares marked on the calendar were counted at the end of the 10-week intervention period. When there was a discrepancy between the number of tablets remaining in the container and entries on the calendar, the data were not included. There was no significant difference in compliance Evaluation of nutrition education between girls given iron supplements and those given a placebo ( fig. 2 ). In the urban area, 71% of subjects in the iron-supplemented group and 77% of girls in the placebo group took more than 50% of the tablets provided; in the rural area, the percentages were 90% and 93%, respectively. Compliance data were not available for 66 girls in the urban area (34 given iron and 32 given placebo) and 36 girls in the rural area (14 given iron and 22 given placebo) who were not present in school for post-intervention assessment.
The main reason given for not taking all the tablets was "forgetting." Only seven girls in the urban area and one girl in the rural area in the iron-supplemented group complained of side effects: nausea (two subjects), constipation (three subjects), and headache (three subjects). No side effects were reported by girls in the placebo groups in either the rural or the urban area.
Effect of intervention on haemoglobin concentration and iron status
There were no significant differences in baseline haemoglobin concentration among the three groups (table  6) . A significant increase in haemoglobin concentration was noted in intervention groups in both areas, but not in control groups. However, in both areas the increase was greater among girls receiving education plus iron than among those receiving education plus placebo. The prevalence of anaemia (haemoglobin < 120 g/L) in the urban area decreased by 11% in the group receiving education plus iron and by 6% in the group receiving education plus placebo. The decrease was greater in the rural area: 13% in the group receiving education plus iron and 9% in the group receiving education plus placebo. Serum transferrin saturation values were not available for some girls because there was insufficient serum for the determination of iron and total ironbinding capacity. The post-intervention transferrin saturation values were significantly higher (p < .001) than baseline values in intervention groups in both areas (table 7) . A significant increase (p < .001) in serum ferritin concentration was also noted in the two intervention groups in both areas, but not in the control groups (table 7) . The mean change in serum ferritin concentration in the group receiving education plus iron in the urban area (8.0 µg/L) was significantly higher (p < .05) than in the group receiving education plus placebo (4.9 µg/L), but it did not reach statistical significance in the rural area (9.4 vs 4.5 µg/L). The percentage of subjects with depleted iron stores (serum ferritin < 12 µg/L) decreased from 24% to 9% in the group receiving education plus iron in the urban area and from 25% to 12% in the corresponding group in the rural area. In the urban group receiving education plus placebo, the percentage decreased from 27% to 18%, but no change was noted in the rural area.
FIG. 2. Intake of iron supplements versus placebo
Short-term sustainability of the intervention programme
The sustainability of the intervention was assessed three months after the end of the intervention. Data were available for 36 urban and 80 rural subjects receiving education plus iron, and for 41 urban and 83 rural subjects receiving education plus placebo. The haemoglobin concentration remained elevated at post-intervention values in the rural area but decreased to baseline values after three months of nonintervention in the urban area (table 8). The serum ferritin concentration remained significantly higher than the baseline values in both intervention groups in the rural area but not in the urban area (table 8) . However, in the rural area, a higher ferritin concentration was maintained in the group receiving education plus iron (mean change, 8.1 µg/L; p < .001) than in the group receiving education plus placebo (mean change, 5.2 µg/L; p < .05).
Discussion
We developed an intervention programme aimed at improving the iron status of adolescent schoolgirls, taking into consideration the differences between urban and rural areas. The programme had two approaches: dietary diversification and iron supplementation. Because adolescent girls belonging to groups of low SES are at high risk of developing micronutrient deficiencies, the effectiveness of the intervention programme was evaluated in schoolgirls belonging to groups of low SES. Girls in both areas had similar SES, but the urban girls had poorer living conditions than those in the rural area. Land for home gardens was available only in the rural area.
The iron, vitamin A, and general nutritional status of these subjects has been reported earlier [14] . Our study population did not have a satisfactory nutritional status: 21% had BMI values less than the fifth percentile for age [15] . Deficiencies of iron and vitamin A Haemoglobin concentration could not be measured in some subjects because the blood was clotted. NS, Not significant. c. Significant difference in mean change among the three groups in each area (p <.001). d. Significantly greater mean change in group 1 than in group 2 in urban area by ANOVA (p = .003).
Evaluation of nutrition education
were also important problems in this population. The prevalence of anaemia was 18% (urban 19%, rural 17%). Nearly 25% of the girls had depleted iron stores (serum ferritin < 12 µg/L), 29% had borderline iron stores (serum ferritin 12-20 µg/L), and 21% had low serum vitamin A levels (< 0.70 µmol/L), indicating the need to develop strategies to improve their nutritional status.
A higher percentage of subjects in the rural area than in the urban area had more desirable attitudes. The intervention programme was planned for a 10-week period so that it could be carried out and evaluated during one school semester. In both the urban and the rural area, educational intervention resulted in a significant improvement over baseline in scores of nutrition knowledge. Increased awareness of the adverse consequences of iron deficiency and knowledge about dietary diversification resulted in a desirable change in food habits, for example, increased consumption of fruits, such as guavas, and of leafy vegetables, and consumption of fruits with meals to enhance iron absorption.
Only a few studies have attempted to improve nutritional status by educational intervention. Nutrition education was effective in improving feeding practices among poor urban mothers in Bangladesh [16] and in increasing consumption of vitamin A-rich foods in Thailand [17] . Our educational programme used flip charts and posters as visual aids, without any special equipment, so that it could be implemented in schools with limited resources. The programme was implemented by young adults who were close to the age of the participants, not by teachers. It has been reported that Brazilian high-school students responded better when educators perceived as similar to themselves were used to deliver nutritional messages rather than experts [18] . Additionally, the use of such instructors differentiates the programme from routine examination-oriented teaching and is likely to bring about a positive change in behaviour.
Nutrition education is likely to have a smaller immediate impact than supplementation. However, nutrition education may have a greater long-term benefit than supplementation and hence should be an integral part of any intervention package. The failure of many iron-supplementation programmes has been attributed to poor compliance, due mainly to undesirable side effects. Education before supplementation has been recommended to increase compliance [8] . In our study, the high compliance in both areas could be due to the fact that supplementation was given in combination with education. An additional reason for increased compliance in our study was that the girls were asked to take the tablet at nearly the same time every day, before going to bed. Furthermore, side effects, which are often short-term, may go unnoticed during sleep. There was no significant difference in compliance between those taking iron and those taking placebo, indicating that any lack of compliance was not due to side effects. The major reason given for not taking all the supplements or placebo was "forgetting" to take the tablets. In Indonesia and Sri Lanka, weekly supplementation with iron given in school under supervised conditions was found to be as effective as daily supplementation [7, 19] . In our study, in order to minimize disruption of school schedules and reduce the need for personnel to distribute the tablets, the girls themselves were given the responsibility for taking the supplements daily at home. There is an obvious need also to test the effectiveness of weekly iron supplementation under conditions in which the subjects are routinely given a reminder weekly at home or school to take the supplement.
When the impact of intervention on the iron status of the girls was evaluated, nutrition education, either alone or in combination with iron supplementation, resulted in a positive shift in the distribution of hae-moglobin. There was also a reduction in the prevalence of anaemia in the intervention groups in both urban and rural areas. However, the improvement was greater among girls receiving education plus iron than among those receiving education plus placebo. The change in haemoglobin concentration could not be attributed to an effect of time, since there was no improvement in control groups in both areas. There was also a significant improvement in iron status, as indicated by an increase in percent transferrin saturation and ferritin concentration in the serum. However, the increase was greater in the group receiving education plus iron than in the group receiving education plus placebo, indicating the need to combine the strategies.
A confounding factor could be the effect of anthelminthic therapy (one 500-mg tablet of mebendazole) in reducing worm load. The prevalence of soil-transmitted helminthic infection and its impact on nutritional status in this population has been reported previously [20] . The prevalence of infection with Ascaris lumbricoides and Trichuris trichiura was significantly lower in the rural area than in the urban area, whereas the prevalence of hookworm (Necator americanus) infection was low in both areas, and only mild infection was noted. However, there was no significant effect of helminthic infection on body mass index or haemoglobin concentration in our study population, probably because only mild helminthic infection was noted. Further, there was no significant difference between initially infected and initially 
uninfected subjects in the mean change in haemoglobin concentration after intervention. Thus, the change in haemoglobin or iron status is unlikely to be due to anthelminthic therapy. Sustainability is an important factor influencing the success of an intervention programme. Follow-up was more difficult in the urban area than in the rural area, because some subjects did not attend school regularly or changed schools. Although some desirable dietary practices were maintained in the urban area, the postintervention increase in haemoglobin or serum ferritin concentration was not maintained. In contrast, in the rural area the scores on knowledge of nutrition remained significantly elevated even three months after the end of the intervention, and the increase in haemoglobin concentration and the improvement in iron status after intervention were sustained. The greater increase in serum ferritin concentration in the group receiving education plus iron than in the group receiving education plus placebo could be due to larger gains in iron stores during the intervention period.
The difference in sustainability between the two areas could be attributable to a number of factors. First, the subjects in the rural area had more desirable attitudes than those in the urban area. Among subjects in the urban area, poor living conditions, lack of land for cultivation of home gardens, and the social pressures of community living may have contributed to dwindling of the initial enthusiasm to modify their diet. Thus, in urban areas, reinforcement of educational messages is necessary to ensure sustainability. In rural areas, however, dietary diversification could be effected more easily, since many girls had home gardens even at the beginning of the study. We propose that nutrition education in combination with iron supplementation should be carried out in all less-privileged schools, possibly in the first semester of the school year. This could be followed by at least two more short education sessions in subsequent semesters. Girls who have completed their schooling could be trained to carry out the nutrition education programme.
In summary, our study showed that a nutrition education programme using educational materials prepared at low cost had a significant positive impact on the iron status of adolescent schoolgirls in both urban and rural areas. Education in combination with unsupervised daily iron supplementation resulted in a greater improvement than education alone. The intervention programme was more sustainable in the rural area than in the urban area, and the sustainability could be increased in the urban area by reinforcement of educational messages. A similar intervention programme could be implemented in other areas, with minor modifications to the education messages to suit each area. Our study confirms the need for supplementation to be carried out with education in order to increase its effectiveness.
